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L X X I X .  Remarks on Mr. J. Taylor's Paper on the ~Explosion 
of  Steam-Boilers. B~# Ar~ E~GI~EER. 

To the ~Editors of the Philosophical Magazine and Annals oat" 
Philosoph 9. 

Gentlemen, 
H A V E  experienced much gratification in reading in your 
Number for February a paper by Mr. John Taylor Oll 

the explosion of steam-boilers. The public are indebted to 
him for bringing forward a subject of" so much interest and 
importance; and I am glad to observe that he has set an ex- 
ample which I hope to see followed,mthat of discussing practi- 
cal subjects in a scientific Journal. 

Having been proi~ssionally engaged in the application of 
high-pressure and common steam in all its branches, the sub~ 
ject of steam-boilers and the accidents to which they are liable 
have of course occupied my attention. 

I have accordingly availed myself of every opportunity af- 
ibrded me, of personally examining or inquiring into the cir- 
cumstances which have attended such explosions of steam- 
boilers as happen to have come to my knowledge. The result 
of my inquiries has generally been, that these accidents have 
originated either from the carelessness or ignorance of the 
persons attending the boilers, or from the bad construction of 
the boilers themselves. 

The extreme difficulty of obtaining any thing like informa- 
tion to be relied upon on these occasions, must have been felt 
by all those who have endeavoured to acquire it. I t  has too 
oi~ten happened, that the only person or persons competent to 
give suc!l information, have lost their lives by the effect of the 
explosion; and where this lamentable result does not take 
place, i t  is too much to expect that men will confess their care- 
lessness when a loss of situation would be the inevitable con- 
sequence. Hence it arises that, in order to divert attention 
from themselves and conceal their neglect, they invent a Won- 
derfifl tale of the explos!on being preceded or accompanied 
by something extraordinary; such as a flash of flame, a rum- 
bling noise, &e. &e.--tales which I have often heard repeated. 
Even where there exists no intention of deceiving, the love of 
the marvellous (so common to the lower classes), or the agita- 
tion produced by terror, will cause them to magnify the most 
trivial occurrence into something out of the common. 

Having expressed an opinion that these accidents are al- 
ways attributable to neglect, or the originally bad construction 
of the boilers~ I shall proceed to inquire how fat" one or other 
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404 t~emar~'s on Mr. J. Taylor's Paloer 

of these causes has in all probability produeed tile several ac- 
cidents alluded to and detailed by Mr. Taylor. This inquiry 
is rendered more simple and easy from the eireumstanee of 
the same description of boiler having been used in eaeh of the 
four instanees. 

As I am not in a situation to prove that these aeeidents have 
originated in negleeb I shall only observe, under this head, 
that as far asappearanees after explosion are to be relied upon, 
they were such as to justify a suspicion that the boilers at Pol- 
gooth and East Crennis were short of water. I do not think 
it necessary to pursue this part of the inquiry further, because 
I am prepared to show that the eonstruction of these boilers, 
and the mode of setting them, is quite sufficient to account, 
not only for these, but for every aeeident that has ever oe- 
eurred with boilers of a like description. 

In boilers intended for high-pressure steam, three important 
considerations are to be attended to: viz. the material em- 
ployed, the form, and the mode of setting. With  the experi- 
ence we now have in these matters, no one would think of 
using any other material than wrought iron. The form ought 
to be such, that the expansive force of the steam can produee 
no effect tending to change the form ; or in other words, that 
the expansive force is equally exerted over the whole of the 
internal surfaee of the boiler. This object is attained in the 
spherical form, or the cylinder with hemispherical ends. This 
is the form to which I give a decided pretbrenee ; not only for 
the reasons above stated, but from the circumstance that not- 
withstanding the smallness of diameter, a great depth of water 
may be kept above the fire-line,--a point in my opinion of the 
greatest importance. The diameters should be small, never 
exceeding five feet, and any augmentation of eapacity should 
be attained by increase of length ; in this way also an increase 
of heating surface may be obtained to any extent. 

The mode of setting boilers must vary aceording to eireum- 
stances ; such as quality of fuel, &e. Care, however, should be 
taken to expose as much surface to the action of the fire as is 
consistent with the allowing of a considerable depth of water 
above ~he fire-line. 

In no respect, except in the material employed, do these 
Cornish boilers eorrespond with my idea of a good and sa|h 
boiler. The right angles fo rmedby  the flat ends are subjeet 
to an immense strain, and the angle iron introdueed in flmse 
parts is ill-ealeulated to resist it. I t  is well known to engi- 
neers that angle iron will not resist the same strain, substance 
tbr substance, as iron in any other form,~a  fact which may be 
accounted for by the distortion which it undergoes during the 
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on the Explosion of Steam-Boilers. -f05 

process of roiling it. Mr. Taylor  admits that ili theory these 
angular parts are bad ; but he goes on to say, that " i t  does 
not appear m practice tha t  these have been the first to give 
way." Whether  they are the f rs t  parts to give way, I cannot 
pretend to say; it is enough tbr me to know that they have 
eventually given way, and that it is to the l~ailure of these parts 
that the tremendous effects related by Mr. Taylor  are to be 
attributed. I t  is not at the junction of the angle iron to the 
outer case where I should apprehend the greatest danger, be- 
cause the outer case is not liable to a change of form. I ap- 
prehend more danger from those parts where the inner tube 
joins on to the front; because, as I shall presently show, the 
inner tube is extremely liable to a change of form; and ac- 
cordingly it is here where a fracture is exhibited ill all the in- 
stances above alluded to. 

I consider the introduction of a tube within a high-pressure 
boiler to be bad under any circumstances, but it is peculiarly 
so where the ihrnace is placed in it. I f  these boilers had 
their fire-places underneath, as shown in Mr. Taylor's second 
sketch, and the tube used only as a return flue, some of my 
objections would be removed, and I conceive a better effect 
would be produced: a larger surface would be exposed to 
the direct action of the fire, and there would be as much 
heating surface generally. The  fire-place and ash-pit could 
then be made of any size required; the latter of  which is by 
necessity most objectionably small where the furnace is inside 
the boiler. This is an evil of some magnitude, both as re- 
gards the draught, as well as the wear and tear of fire-bars. 
Lastly, but not the least important consideration in a tube- 
boiler, the water would be equally heated throughout. 

The objections raised by Mr. Taylor 's Cornish agents to a 
brick furnace would of course apply to this mode of setting a" 
tube-boiler, as well as to the use of a plain cylinder where the 
furnace is b necessit of brick I confess the adherln~ of • Y ,Y . • o 

chnkers to the sides oi a brick furnace to such an extent as to 
injure the draught, to be pert~ctly new to me; and as Mr. 
Taylor  does not state this of his own knowledge, he must ex- 
cuse me for doubting the fact. 

Having stated under what circumstances the tube-boilers 
may be rendered less o~ecfionable, ~ shall proceed to consi- 
der them as they are at present used in Cornwall, and point 
out what I take to be the defects, as relates to their liability to 
accident. 

In the first pl'tce, I consider the want of space ill the boiler 
over the fire-place a serious evil. I f  too much of this space 
be occupied by water, then  there is not room enough lelk tbr 
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406 Remarks on Mr.J .  Taylor's Paper 

steam; and the consequence is the passing over of a quan- 
tity of water into the cylinder, to the injury, and sometimes to 
the destruction of the engine itself. On the other hand, if this 
space be divided, not in depth but in cubical contents, there 
is "great reason to apprehend the water being allowed to get 
below the top of the tube : a temporary derangement of the 
feed-pump might occasion this, without any very great neglect 
oil the part of the engine-man. If  this takes place, I scarcely 
need point out what must be the result. The expansive force 
of the steam exerted upon the plates rendered soft by the ac- 
tion of the fire, would bring down the upper surface; and when 
once the cylindrical tbrm was lost, a further depression would 
be rendered easy. I t  is quite clear that the upper surface of 
the tube cannot be depressed, without such a strain being 
thrown upon the ends where they fbrm a junction with the 
angle iron, as finally to rend them off. I should observe here, 
that the sort of fracture desci'ibed by Mr. Taylor in the boiler 
at East Crennis, would in this case present itself; the angle 
iron would appear tO be wrenched off by a force drawing it 
inwards. 

Even where the water is not so fi~r reduced in the boiler as 
to be below the top of the tube, I am by no means inclined 
to consider this boiler in a safe state. At all times the upper 
part of the tube is more expanded than the lower, in conse- 
quence of the water above being hotter than it is below; and 
although this may not produce an immediate et~ct, yet it very 
probably renders the parts, where the strain is thrown in con- 
sequence of this unequal expansion, more disposed to give 
way when a further stress comes upon them. A few inches 
of water over the tube would certainly prevent the plates from 
becoming red-hot, and perhaps the leaden plug fi'om melting ; 
but it would not be sufficient to prevent the strength of the 
iron being impaired. 

The strength of iron is much impaired before it arrives at 
the heat of melted lead. I have.every reason to believe (and 
this belief is founded upon effects which I have myself wit- 
nessed), that the plates of a. boiler urged by an intense fire, 
and covered with only a thin stratum of water, become very- 
considerably hotter than the steam and water above them. 
I account for it inthis way : - -When  the column of water is di- 
minished to a certain extent, the weight of" it is not sufficient 
to keep it in contact with the plates, the continuous escape 
of steam bubbles keeping it off. This efl~ct may be observed 
in an open pan placed over an intense fire, and containing a 
thin covering of" water or other fluid; the whole appears to 
be a mass of bubbles, and the bottom of-the pan may be oc- 
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ou the Ex2losiou of Steam-Boilers. 407 

casionally seen. I find I am by no means singular in this 
respect; for on conversing some time since with an intelligent 
practical engineer on the subject, he gave it as his opinion 
that a boiler was not safe where there was only a foot of water 
over the fire. I do not go to this extent, but I mention it in 
corroboration of my own opinion. 

Wi th  this view of the matter, I see nothing very extraor- 
dinary in thecircumstance of the leaden plug remaining as hap- 
pened at East Crennis; nor, I confess, does the appearance 
and form of the tube after the explosion surprise me more 
than the projection of the tube at Polgooth, which is equally 
unaccountable. It by no means follows, because the sides of 
the tube were flattened, that these were thedqrst parts to give 
way when such an immense volume of elastic vapour was sud- 
denly let loose : there is no accounting for the effect it may 
produce upon the parts in immediate contact with it; this may 
even go to the extent of obliterating impressions made imme- 
diately antecedent to the explosion. 

I f  an accident take place with a boiler of any given form, 
I should not be guided by the appearance that tl~e wreck may 
present after the explosion, as to any opinion of what were the 
first parts to give way; bat I should examine as to whether 
from its form or construction the boiler contained any weak 
points; and taking it for granted that these must have been 
the first to give way, I should make the necessary alterations. 

That  these Cornish boilers are more liable than any others 
to accident, is proved from the result of Mr. Taylor's own ex- 
perience. I f  therefore they possess the defects which I have 
endeavoured to point out, it is fair to infer that such accidents 
are attributable to these defects. 

I t  has been observed by Mr. Taylor, that in the opinion of 
his Cornish agents these boilers possess advantages which no 
other form aflbrds, and that in comparison with the plain cy- 
linder in particular, more duty is efihcted. 

They certainly ought to possess great advantages as to co~l- 
sumption of fuel, to compensate foi" the frequent accidents to 
which they are liable,~accidents not only involving loss of 
property, but too frequently loss of lives. I f  this latter con- 
sideration only were taken into account, there ought not to 
be one moment's hesitation as to their total rejection. I am, 
however, by no means prepared to admit that the tube-boiler 
is more ceconomical as to fuel than the plain cylinder. Mr. 
Taylor observes, that in North Wales, boilers of the latter de- 
scription aregiving great satisfaction, while in Cornwall this 
by no means appears to be the case; but this he attributes to 
the difference of fuel. As I have before said, a difference in fuel 
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¢08 Mr. Henwood on the Explosion of Steam-Boilers. 

may render some change in file mode of setting necessary, or 
even some modification of tile boiler:  such as a diminution in 
diameter and increage in length where the coal is bituminous; 
and file contrary, where the coal is the reverse of this : but I 
am quite sure that the cylindrical boiler may be so modified 
and set as to suit every variety of coal. The Monthly Reports 
may prove that more duty is effected by the tube-boilers ; but 
the conclusion I should draw from this is, that the plain cy- 
linder has not had a fair trial in Cornwall. Long and con- 
tinued use of the former has created a strong prejudice in their 
favour, and it will take some time mad require some manage- 
ment to overcome this. 

In the hands of such a man as Mr. Taylor, this desirable 
end may, however, be accomplished; and I should venture to 
suggest, that  in noway  could he more beneficially employ the 
influence which he has so deservedly attained by his character 
and talents, than by exerting it to put an end to the use of" 
so dangerous and destructive a machine. 

Yours, &c. 
As  E~m~zErt. 

L X X X .  Remarks on Mr. J. Taylor's Paper on the Accidents 
incident to Steam-Boilers. B 9 Mr. W.  J. H~l~wooo. 

To Richard PhitliTs, Esq. 

i N a late number of your Journal, Mr. John Taylor has fii- 
voured us with an interesting paper On the accidents inci- 

dent to steam-boilers, many of which he seems disposed to at- 
tribute to the explosion of gas in the flues. Thinking that 
this opinion,if generally received, may operate as an objection 
to steam navlgatl0n , as well as to the erection of steam-engines 
in manufactories,mthis cause being perhaps further out of our 
reach than those to which such accidents are usually attri- 
buted; permit'me, through the medium of your Journal, to 
offer a few remarks on Mr. Taylor's valuable commmfica- 
tion. 

After some observations on the comparative merits of boilers 
of particular constructions, Mr. T. proposes several questions ; 
which I will endeavour to ~nswer in the order in which they 
stand. 

" T h e  Pen-~-fron engine had been stopped a few minutes, 
and the W0rkmenlhad opened the fireTdoors of three of the 
boilers, and closed the dampe~:s of two of them. The engine- 
mail observed a gust of flame from the fire-place, which was 
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